In genomic selection (GS), genome-wide SNP markers are used to generate genomic 23 estimated breeding values (gEBVs) for selection candidates. The application of GS in 24 shellfish looks promising and has the potential to help in dealing with one of the main 25 issues currently affecting Pacific oyster production worldwide, which is the "summer 26 mortality syndrome". This causes periodic mass mortality in farms worldwide and has 27 mainly been attributed to a specific variant of the Ostreid herpesvirus (OsHV-1-μvar).
Introduction 384 well configuration of the array, 768 samples (718 progenies and 44 parents) were 143 sent for genotyping to ThermoFisher Scientific (Santa Clara, USA) using the recently 144 developed Affymetrix SNP medium density SNP array for oysters (Gutierrez et al. 145 2017). All dead oysters were genotyped, as well as 16 surviving oysters from each 146 family (8 from each treatment) when possible, therefore, the number of genotyped 147 individuals per family ranged from 16 to 40 depending on the DNA quality and the 148 number of mortalities per family in each condition (hv or lv) (Table S1 and S2). After SNPs that were used for heritability, GWAS and GS analyses. 160 Linkage mapping 161 Due to the lack of a chromosome-anchored reference genome assembly for Pacific 162 oyster, the genotype data were used to construct a high density linkage map. The et al. (2017) , and confirmed through the IBD module in Lep-map3. Putative erroneous or missing parental genotypes were re-called using the "ParentCall2" 168 module. Linkage groups were identified using the "SeparateChromosomes2" module 169 using a LodLimit = 31 and distortionLod = 1. Data were then filtered to remove 170 markers from families showing significant segregation distortions 171 ("dataTolerance=0.001") and the "OrderMarkers2" module was applied to order the 172 markers within the linkage groups. Individuals showing excessive recombination were 173 also removed from the data as this indicated a potential problem with genotyping or 174 family assignment for this individual. Additionally, markers that could not be assigned where y is the observed trait, u is the vector of additive genetic effects, e is the 186 residual error, and X and Z the corresponding incidence matrices for fixed effects and 187 additive effects, respectively. The (co)variance structure for the genetic effect was 188 calculated either using pedigree (A) or genomic (G) matrices (i.e. u ~ N(0, Aσa 2 ) or 189 N(0, Gσa 2 )), where G is the genomic relationship matrix and σ 2 is the genetic To assess the utility of low density SNP panels for breeding value prediction, two 223 strategies for in silico selection of the SNPs were used. First, the low density SNP 224 panel for use in the computing the genomic relationship matrix was selected by a 225 progressive increase of the MAF threshold from 0.01 to 0.475 resulting in a 226 progressive reduction in number of markers; Secondly, the low density SNP panel was 227 selected using a strategy of random "thinning" of SNPs from the full dataset (15K, 228 10K, 5K, 2.5K, 1K, and down to 500 SNPs).
229

Results
230
Challenge survival and heritability 231 After the seven days of the disease challenge the average mortality per family for the 232 entire challenge was 16.8 % and 24.7% for the LV and HV conditions, respectively, 233 but with substantial variation in mortality levels between families (Table S2 ). High There were 762 individuals (718 progenies + 44 parents) with genotype data that 243 passed QC and had accurate pedigree as confirmed by the family assignment 244 software. Based on these data 30 families were consistent with the expected pedigree 245 (although a small number of erroneously assigned individuals were identified and 246 corrected based on genotype information. Only one family (id = 24) could not be 247 assigned to both parents, suggesting that the dam was not included within the 248 genotyped candidate parents, probably due to miss-labelling during the crosses.
Making use of the updated pedigree information, the estimated heritability for the 250 binary survival trait was 0.25 ± 0.05. These estimates were higher when using the 251 genomic kinship matrix, with 0.37 ± 0.05. This gives evidence that there is a significant LGs in our map, following similar pattern described in our previous linkage 268 map (Gutierrez et al. 2018a; Hedgecock et al. 2015) . LG7, LG8 and LG10 seem to explain higher percentage of the genetic variance 276 (between 1.2 and 1.67) although not high enough to suggest major-effect QTL, which 277 implies a polygenic architecture to host resistance. show that prediction accuracies obtained using genomic information (G-matrix) are 286 higher than using the pedigree information (A-matrix) ( Figure 3 & Table S3 ), with 287 values ranging from 0.637 using pedigree to 0.758 using genomic information 288 (increase of ~19 %). Two approaches were taken to evaluate the effect of marker 289 density on genomic prediction accuracy. The first used progressive increase of minor 290 allele frequency (MAF) threshold, resulting in progressive decrease in SNP number.
291
The second involved choosing subsets of SNPs for the low density panels at random.
292
Both thinning approaches showed little impact on prediction accuracy until marker 293 densities dropped below ~2,500 SNPs. With the MAF approach, the genomic 294 prediction accuracies obtained using the lower density SNP panels ranged from 0.755 295 to 0.693 (MAF>0.475 530 SNPs), while using the random subsets accuracies ranged 296 from 0.758 to 0.678 (500 SNPs). conditions showing high phenotypic correlation between family level mortality in the 305 two challenges. This suggests that the variation in family level mortality is likely to be 306 genetic, and the absence of mortality in the control group suggests that the challenge 307 group mortality is due to OsHV-1 (Table S2 ). Moderate levels of heritability of OsHV 308 resistance were observed in this study (0.25 -0.37), which is similar to was has been 318 The linkage map construction resulted in ~20K SNPs distributed across 10 linkage 319 groups in similar positions as previously described in a different population (Gutierrez 320 et al. 2018a). As with previous linkage maps, the mapping of SNPs located within 321 single reference genome contigs to multiple linkage groups highlighted putative 322 reference genome assembly errors (Hedgecock et al. 2015; Zhang et al. 2012) . It is 323 worth noting that 99.8% of the markers were located on the same LG as positioned in 324 our previous map, which highlights the utility of the SNP chip across multiple 325 populations, and the reliability of both maps.
Genome-wide association study
326
The association analyses for OsHV-1 survival suggest that OsHV resistance in the 327 Pacific oyster is likely controlled by multiple genomic regions in this population. Both 328 the single SNP and moving window approach did not show evidence of a major region 329 involved in the resistance. When the SNP window size was 50 the variance explained 330 by some regions located on LG1, LG7, LG8 and LG10 was higher but no region 331 explained more than 2 % of the genetic variance in the trait (Figure 2 ). Previous 332 research into the genetics of OsHV resistance has also suggested an oligogenic or 333 polygenic architecture of the trait which is consistent with our findings. In particular, a 334 previous study found that LG V, VI, VII & IX (which correspond to LG 6, LG 7, LG 8 & 335 LG 10 in our map) contain genomic regions associated to summer mortality resistance 336 (Sauvage et al. 2010) . Additionally, we recently described that regions on multiple LGs 337 are likely involved in the resistance to OsHV in a Pacific oyster population from 338 Guernsey (Gutierrez et al. 2018a). When taken together, these studies suggest that 339 host resistance to OsHV in Pacific oyster is consistently a polygenic trait. .
340
Genomic selection 341 Genomic predictions (GBLUP) of breeding values for host resistance to OsHV are 342 likely to be more accurate than those based on pedigree (PBLUP) in this population.
343
The prediction accuracy values ranged from 0.678 to 0.758 for GBLUP (with SNP 344 densities ranging from 500 to 18K), while PBLUP only reached an accuracy of 0.637. 345 This result has been mirrored in other studies of genomic versus pedigree-based prediction of disease resistance breeding values for other important farmed fish 347 species, e.g Atlantic salmon (Tsai et al. 2015; Yoshida et al. 2017; Ødegård et al. 348 2014; Robledo et al. 2018 ), rainbow trout (Vallejo et al. 2017 Yoshida et al. 2018 Historically, the breeding programme for Pacific oysters run by the Cawthron Institute 372 has used broodstock which are put through grow-out in field environments and are 373 brought back into the hatchery for reproduction. As such, when OsHV outbreaks 374 occur, it has been common practice to breed from survivors of the highest performing 375 families. Genomic selection is best-suited to traits that are not measurable on the 376 selection candidates themselves, and helps selection of individuals from within a full 377 sibling family. When survivors are used as breeding candidates, these benefits are 378 somewhat negated. However, in the event that broodstock cannot be brought back 379 into a hatchery (e.g. due to a biosecurity issue) the practical value of genomic 380 selection would be much higher.
381
The Cawthron breeding programme found no evidence for the vertical transmission of 382 OsHV-1 in the hatchery, and the existing presence of OsHV-1 in wild populations 383 meant that the biosecurity implications of breeding from survivors were manageable.
384
Therefore the ability to select broodstock from large on-farm progeny trials exposed to 385 OsHV-1 enabled the benefits of within-family selection to be captured, rather than 386 relying only on among-family selection. Where vertical transmission occurs in the 387 hatchery or biosecurity is constraining, the option to breed from survivors may not be 388 available. In this case, genomic selection provides the opportunity for within family 389 selection even though the phenotype (e.g. survival) cannot be measured directly on 390 broodstock candidates. The results from the current study provide evidence indicating that OsHV resistance is 394 polygenic in Pacific oyster, consistent with current literature and analyses across 395 different populations. Due to the polygenic nature of the resistance, genomic selection 396 is a well-placed methodology for the improvement of current pedigree-based selection 397 schemes. Indeed results show that genomic prediction of OsHV-1 resistance is more 398 accurate than pedigree-based prediction even with a reduced number of SNPs (down 399 to less than 1,000 SNPs). These results suggest that low cost genotyping solutions 400 could be within reach to provide a G-matrix capable of generating accurate GEBV 401 values. The use of genomic data is likely to bring significant improvement to Pacific 402 oyster breeding programmes, particularly to improve selection of challenging traits that 403 rely on sib-testing (e.g. disease resistance) where genomic selection can more 404 effectively capture within-family variation. 
